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OVERVIEW 
MODULE FOUR 

MEASURING CURRENT AND VOLTAGE IN SERIES CIRCUITS 

In this module you will learn the characteristics of a series circuit, 
hov/ to use the multimeter as an ammeter and a voltmeter, and how to 
make current and voltage measurements in series circuits. 

For you to more easily learn the above, this module has been divided 
into the following three lessons: 

Lesson I. Measuring Current in a Series Circuit • • • • 

Lesson II. Voltage In a Series Circuit 

Lesson III. Using the Multimeter as a Voltmeter • • . . . 

Do not be concerned at this time with the names or terms unfamiliar to 
you. Each will become clear as you proceed. However, If you hiive 
any questionb, do not hesitate to call your instructor. Turn to 
the following page and begin Lesson I. 
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OVERVIEW 
LESSON I 

Measuring Current in a Series Circuit 

In addition to the Module Overview, as you start each lesson, you will 
find a lesson overview like this one. It is merely an outline of what you 
will study and learn to do in each lesson. In this lesson you will study 
and learn about the following: 

-what a series circuit is 
-a brief wcrd about parallel circuits 
-using a multimeter as an ammeter 
-determining current is common In a 

ser ies cl rcul t 
-practical measurement of DC current 

Each of the above topics will be discussed \n the order listed* As 

you proceed through this lesson, observe and follow directions carefully* 



BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES ON 
THt NEXT PAGE* 
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LIST OF STUDY RESOURCES 
LESSON I 

Measuring Current in a Series Circuit 

To learn the material In this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following 

STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS gS^+OOA-la "Basic Electricity, Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel. 
Washington, D.C.: U.S. Government Printing Office, 1965- 

AUDIO-VISUAL: 

Sound/Slide Presentation - "Measuring Currant With a Multimeter." 

Remember, you may study any or all of these that you feel are necessary 
to answer all Progress Check questions correctly. Do not forget that 
in one sense of the word your instructor Is a living resource; perhaps' 
the best. Call him if you have any kind of a problem. 



YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE- YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NAKRATIVE 
LESSON I 



Measuring Current in a Series Circuit 

What a Series Circj i t Js^ 

A series circuit has only one path for current flow. In the 
study of electricity, when we say components ere connected in 
series, we mean they are connected in line one right after the 
other . 



:A 



i 1 



I — ^AV 



AAA' 



2A 



■A/vAr 



r 



In each of the above circuits, you can see that current has only 
one path It can follow, so that the same amount of current must 
flow through each resistor, just as the amount of water flowing 
through a pipe is the same in each part of the pipe. 



A Brief Word About Parallel Circuits 

A parallel circuit is a circuit that has more than one path for 
current to follow, as shown by the arrows on the schematic below. 



r 



Notice in the above circuit that current from the cell divides into 
two separate paths; whereas. In a series circuit it can take only 
one path. 



Using the Multimeter as an Ammeter 

You are already familiar with the multimeter as an ohmmeter to 
measure resistance and to take continuity readings. Now you are 
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ready to learn how to use it as an ammeter to take current mea- 
surements. You can see that the multimeter enables you to use 
one meter to measure different quantities. The settings and con- 
nections when using the multimeter as an ammeter will be different 
than the ones used when using it as an onmmeter, 

A Word of Caut ion : Always connect an ammeter in series 
with the circuit being tested; never in parallel. Failure 
to do so will damage the meter. 



A. 



LIKE THIS 




Notice in illustratior A that the ammeter actually becomes part 
of the circuit that ii, being measured. Total circuit current 
must then flow through the meter. 



Interpreting the 50 Microampere Scale (illustration on next page) 

The black arc that is labeled DC (second from top) is used for 

taking all DC current measurements. When the range selector 

switch is In the 50 m^croamp position, simply read the value 
indicated on the 0-5<» scale as microamps. 



Narrative 



KST COPY ilMIUBLE 



Four- I 




with the meter set up as Indicated, what Is the value of current 
being measured? 



(30 Ma) 



DC Current Measurements (0-50 pa) 



1. Using Practice Board 0-1, a 51 kS^ resistor, and a dry cell, 
construct a series circuit as the schematic Indicates. 
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r — ' — \w # 




2. Be sure the switch is open. 

3. Set up the multimeter as an ammeter to read 0-50 pa DC. 

a. Set function switch at -fPC . 

b. Connect black test lead to common (-) jack. 

c. Connect red lead to the 50 pa jack. 

d. Attach clips to ends of test leads. 

e. Set range switch at 50 ua . (Be sure switch is open in 
the circuit.) 

k. Connect ammeter in series with the circuit by attaching clips 
to U and T6^. Observe polar i ty . 

5. Energize circuiTl! (Th"is completes the circuit; however, the 
lamp will not light because the resistor limits current so 
much that there is not enough current to light the lamp.) 

6. Record the reading obtained on the multimeter. 

7. Open switch and disconnect meter leads. 



You should hdve had a reading of approximately 28.5 Ma. 

If the needle deflected in a counter-clockwise direction, you did 
not observe polarity when connecting the meter. In this case, re- 
verse the leads and try jgaln. Your black lead must be connected 
to the side closest to the negative terminal of the source. 



Determining Current is Common In a Series Circui t 

Current through a series circuit will have the same value anywhere 
in the circuit. This is what we mean when we say that in a series 
circuit current is common . To prove this, let's measure current 
at another point in the circuit you constructed. You know that 
current is approximately 28.5 Ma between T7 and T£. Now we will 
measure between T2 and T3. 



1. 
2. 



3. 
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Be sure circuit Is de-energized, 
Reconnect circuit as shown in 
the schematic, with the ammeter 
between T2 and T^. 
Your meter is already set up. 



^1 ^1K9. T2 

r-Vs/V ^ 
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Energize the circuit and read the 

value of current. Did 

you get the :>ame reading you ob- 
tained at the first point of 
measurement? 

5. De-energize the circuit and dis- 
connect meter, 

6. Now reconnect circuit to conform 
to this schematic. 

7. With switch in open position, 
connect ammeter between TJ^ and 
T8 , observing polarity. Read 
the value of current. 

8. Disconnect the meter. 




Notice that when the ammeter was connected across the open switch, 
the meter served to close the circuit, thus you can see that the 
cmmeter actually becomes part of the circuit. 

Yot' have now taken current readings In three different places in the 
circuit and found that the readings were the same in each ins trance - 
proof that current is common In a series circuit. 
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Interpreting the 500 ma, 100 ma, 10 ma, and 1 ma Scales 

For readfng milliamps on the meter, we still use the same black DC 
arc and the three rows of numbers directly under it. 
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Notice the three I'ows of numbers under the black DC arc are cali- 
brated 0-250, 0-50 and 0-10. If the range selector switch is on 
the 500ma position as shov.n, you simply add a zero to every number 
on the 0-50 scale. What you are really doing is multiplying by 10. 
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With meter set up as indicated In preceding illustration, 
what ij the current reading? 

a. 2 ma 



b. 2 a 



c. 10 pa 



d. 100 ma 



ANSWER - (d) 100 ma 



ERIC 



13 



Narrat i ve 



BEST COPY 



Four- I 



If the range selector is on the 100 ma position, you simply 
add £ zero to every number on the 0-10 scale. Here you are 
really mul t ipl ying by 10. 




+ u c 

-DC, 1 .AC 
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With the meter set up as indicated In the preceding Illustration, 
what is the read ing? 

a, 8 a 

b. AO ma 

c. 80 ma 

d. 80 pa 



ANSWER - (c) 80 ma 
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If the range selector Is set on the 10 ma position as indicated, 
all we do Is read It directly on the 0-10 scale. 
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With the meter set up as Indicated In the preceding Illustration, 
what Is the current reading? 

a. kO m 

b. 8 ma 

c. 80 ma 

d. .8 pa 



ANSWER (b) 8 ma 
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With the range selector set on the 1 ma scale as indicated, 
we read on the 0-10 scale and make each number a decimal J, 
• 2, ,3, .5, etc* Here you can see you are really dividing 
by 10, 





Narrative 
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With the meter set up as indicated in the preceding i 1 lustration » 
what is the current reading? 

a. 0.2 a 



b. 0.2 ma 



c. 20 ma 



d. 2 pa 



ANSWER - (b) 0.2 ma 



Measuring DC Current (0-500 ma) 



1. 



2. 



3. 
5. 



Using Practice Board lO-l, a 330 U 
resistor and one dry cell, con- 
struct part of a series circuit 
as shown. 

Set up the multimeter to read 0-500 
ma DC. 



Tl 



a. 
b. 
c. 
d. 



Set function switch to +0Q_. 
Connect black test lead In common (-) jack. t8 
Connect red lead in the (+) jack. 



-AAA — 
RS330 n 



T2 



TT 



Set range switch to highest ma setting (500 ma). The 
reason for this is that we do not know how much current 
will be flowing. Since current flow Is still unknown, 
starting at the highest ma range setting can prevent 
damage to the meter, 
e. Be sure switch is open. 

Connect the meter in series as shown, 
observing polarity. 
Close the switch. 
If you get no needle deflection, 
change the range selector to one 
of the other nia positions until 
you get as close to a mid-scale 
reading as possible. 



AAA- 
330 Q 



t8 



TT 



You should find that the reading is almost mid-scale at 
the 10 ma setting* 
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6. To read the scale for a 10 ma setting, use the black DC arc 
and read the 0-10 figures directly. Record current. 

7. De-energize the circuit and remove test leads. 



You should have read approximately k.k ma. 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY ANY 
OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK AND 
ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT LESSON. IF NOT, 
STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER ALL THE 
QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON I 

Measuring Current in a Series Circuit 

TEST FRAMES ARE 5, 8, 12, 15, 19, 23, 33, 36, ^8, 59, 61, and 
6k. AS BEFORE, GO FIRST TO TEST FRAME 5 AND SEE IF YOU CAN ANSWER 
ALL THE QUESTIONS THERE. FOLLOW THE DIRECTIONS GIVEN AFTER THE 
TEST FRAME. 



1. A series circuit is a circuit that has all its components con- 
nected end to end in a single line so that only one path for 
current flow exists. 

Which is a schematic of a series circuit? 



A. 



Rl 



R2 



B. I — ^A/v■ 

Rl 



SWl 



SWl^ 



■WV-n 

R2 



R3 

RU 



IaT 



2» Recall that current flows from negative to positive in a circuit. 
On the series circuit schematic, indicate with arrows the path 
(and direction) current must follow through the circuit. 



J— AA^ 
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3. Since current in a series circuit has only one path to follow, 
the same amount of current will flow through each component in 
the ct rcui t. 

In a series circuit: 

a. current will be greater through the negative terminal 

of the cell than through the positive terminal. 

b. current will be the same (common) throughout the circuit. 

c. current flow will differ through each component in the 

circuit. 

d. the same amount of current will leave the battery as 

will return. 



Tb"i current will be the same (common) throughout the circuit; and, 
d. the same amount of current will leave the battery as will 
return > ) 



4. When the same amount of current flows through each and every part 
of the circuit, the circuit is said to be connected in 



(series) 



5. Check the correct definition of a series circuit. 

a. *:wo or more components providing o path for current flow 

b. two or more components connected end to end to form only 

one path for current flow. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 5 

b. two or more components connected end to end to form 
only one path for current flow. 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST 
FRAME 8. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 5 AGAIN. 



6. Since current is common in a series circuit, the amount of current 
anywhere In the circuit will equal the total current drawn from 
the source. 

What is the amount of current flow through the points indicated? 



3AMPS 



Rl 




AMPS 



E=15v 




R2 



AMPS 




c 



AMPS 



(a. 3 amps; b. 3 amps; c. 3 amps) 



7. The amount of current flow anywhere In a series circuit Is (equal 
to/different from) the total current drawn from the source. 



(equal toj 
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8. Determine and record the Indicated values of circuit current. 
A. B. 



IR 1 

5 /\MPS 
^WA 



~' EA 6v 



•AAAr 
IR 2 



A. 



R2 



(5) 



<A) wv- 



±- Ea I2v 



B. 



Rl 



-AAA 

IR 2 
2A1jPS 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 8 

a. -5 amps 

b. =2 amps 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
TEST FRAME 12. OTHERWISE, GO BACK TO FRAME 6 AND TAKE THE PRO- 
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 8 AGAIN. 
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9. A parallel circuit differs from a series circuit In that It has 
two or more paths for current flow. Two examples of parallel 
circuits are shown below. 




3 PATHS 



Indicate with arrows the current paths In the parallel circuits. 
In the spaces below each circuit, write the number of paths that 
exist for current flow. 




NUMBER OF PATHS 



NUMBER OF PATHS 



(a. 3; b. 

A. 
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10, Each path for current flow Is called a branch > How many 
branches are there in the circuit below? 



(3 branches) 



11. Match the kind of circuit to Its correct definition, 

K circuit that hab two or mre a. parallel circuit 

paths for current flow 

b, series circuit 

2. circuit that has two or 

more components connected 
end to end to form only one 
path for current flow. 



X\. a; 2. b) 
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12. Match the schematics to their appropriate characteristics. 



A^\ — I 



B. 



(3 



C. 



— WA/- 



D. 



rA/W 



AVv — I 




1. more than one path for current flow 

2. series circuit 

3. parallel circuit 

k. only one path for current flow 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 12 

1. B, D 

2. A, C 

3. B, D 
k. A, C 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
TEST FRAME 15. OTHERWISE, GO BACK TO FRAME 9 AND TAKE THE PRO- 
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 12 AGAIN. 



13. When using the multimeter as an ammeter for measuring DC current. 
It must always be connected In series with the load. Remember -- 
in series means In a line. 



Which schematic shows the multimeter correctly Installed as an 
ammeter? 




IaT 



o 
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1^, To connect an ammeter (multimeter) properly In a circuit, polarity 

must be observed. The negative side of the meter must be connected 

to the negative side of the source, and the positive side of the 
meter to the positive side of the source. 



Which schematic shows the multimeter correctly installed as an 
ammeter? 



B. 



-VsAr 



W 



15. Check the schematic that shows the meter correctly Installed. 



A. 



B. 



C. 



® 



AAA- 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWER - TEST FRAME 15 
A 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST 
FRAME 19. OTHERWISE, GO BACK TO FRAME 13 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 15 AGAIN. 



16. The illustration below shows the front panel and controls asso- 
ciated with the ammeter function of the Simpson 260-5P multimeter. 
Study the illustration, then locate these components and con- 
trols on your multimeter. 




(Go to next frame.) 
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17. Locate the function switch on your multimeter. 

What are the three positions to which the function switch can 
be moved? (Any order) 

a. 



b. 



c. 



(-DC; -fPC; AC) 

18. The position of the function switch determines whether the multi- 
meter Is to be used to measure AC or DC values. When used as an 
ammeter for measuring direct current, the function switch can 
be In either of the DC positions. (Except for use In the 50 pa 
or 10 amp range. These ranges requi re -f-DC setting.) 

What function switch settlng(s) could be used when measuring 
dl rect current? 




(a; c) 
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19. To measure direct current, the function switch must be in the 
or the positions. (Any order) 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 19 
+DC; -DC 

( Remember : When using the 50 ua or 10 amp range, the switch 
must be in the -fPC position.) 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST 
FRAME 23. OTHERWISE, GO BACK TO FRAME 16 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 19 AGAIN> 



?0. When setting up the multimeter to measure current, the function 
switch is normally placed in the +DC position. Remember, the 
multimeter is polarity sensitive and must be connected in the 
proper manner (black lead negative, red lead positive) in the 
circuit to prevent damage to the meter, 

WMch drawing shows the multimeter correctly connected for 
Treasuring current? 





BEST COPY AVAILABLE 

21. If for some reason the meter is connected improperly, the function 
switch can be used to change the polarity of the meter without 
removing the meter leads from the circuit under test. (This does 
not apply to the 50 v.a or the 10 amp range.) 

The illustration below shows an improper meter connection. 




Check the function-switch position you would use to correct the 



meter connection shown above. 
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A. 



22. Since the pointer of the meter normally rests at "0" on the 
far left of the meter scale, correct connection Into a cir- 
cuit will cause the pointer to move toward the right side. 

Which of the meter faces below Indicate correct meter connection 
and function switch setting? 

B. C. 




K 



B 


FUNCTION 






L 


SWITCH 


R 




A 


♦DC 


E 




C 




D 


+ 




B 
L 
A 
C 
K 



FUNCTION 
SWITCH 
+DC 



R 
E 
D 




B 
L 
A 
C 
K 



FUNCTION 
SWITCH 
-DC 



(A; C) 



23. Which meter Is correctly connected for measuring DC current? 



AAA- 



Bf 

L 
A 

C 
K 



L 
A 

C 
K 



R 
E 
D 



(THIS ISA TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 23 
A 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
TEST FRAME 33. OTHERWISE, GO BACK TO FRAME 20 AND TAKE THE PRO- 
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 23 AGAIN. 



m. Locate the range switch on your multimeter. The range switch 
also determines how the meter will be used. For example, when 
used as an ohmmeter for measuring resistance, the following 
range settings are used: 




RXlOO 
,. RXIOOC 



Refer to your Simpson 260-5P multimeter. Which drawing shows the 
range switch settings that would be used to measure direct current? 

A. ^B. 




25. Look at the range-switch positions on your multimeter. The 

maximum DC current measurement possible with the Simpson 260-5P 
multimeter is: 



a. 500 ma DC. 

b. 10 amps DC. 

c. 100 amps DC. 

d. 50 pa DC. 



TbT 
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26. List the five positions of the range switch that are used 
to measure D. . current. (Any order) 



ERIC 



(50 ua; 500 ma; 100 ma; I0~ma/10 amps; 1 ma) 

27. Each current range-switch setting represents the maximum amp- 
erage that the multimeter Is capable of measuring when In that 
position. For example, If the range switch Is set at 50 ya , 
this means that the current range Is 0-50 ya; If the range 
switch Is set at 10 ma , the current range would be O-IO ma. 

What would the current range be If the range switch was set at 
500 ma? 

a. 100-500 ma 

b. 0-500 ma 

c. 10-500 ma 



(b) 0-500 ma 



28. Look at the current range switch positions again. Then list the 
current ranges the meter Is designed to measure. (Any order) 



(0-50 ua; 0-1 ma; 0-10 ma/amps; 0-100 ma; 0-500 ma)~ 
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29. The meter scale used when measuring current is the black arc that 
Is labeled DC (second from top). Locate the DC scale on your 
multimeter, then check the arrow that points to the DC scale. 




30. Look at the DC scale on your multimeter again. Notice that there 
are three rows of numbers under the black DC arc, marked 0-250 , 
0"50 , and 0"10 > The meter scales used for DC current measurements 
are the 0-50 and 0-10 scales. 



Which diagram correctly identifies the two DC scales used for 
measuring DC current? 




IB; 
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31. The position of the range switch (50 ya, 500 ma, 100 ma, 

10 ma/amps, 1 ma) will determine whether the 0-10 DC scale or 

the 0-50 DC scale Is used. When the range switch is In the 
50 ua position, the 0-50 scale is used. 

Which meter scale is used to read 0-50 pa DC? 




IbT 



32. When the range switch Is In the 50 pa position, current Is read 
d I recti y on the 0-50 scale. 

What would the current reading be for the illustration? 




a. 103 microamps 

b. 23 microamps 

c. 7 microamps 



(b) 23 microamps 



o 
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33. Which illustration Indicates a current value of 10 ua? 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT 
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWER - TEST FRAME 33 
a 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST 
FRAME 36. OTHERWISE, GO BACK TO FRAME 2^ AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 33 AGAIN. 



3^. When using the multimeter to read 0-50 ya DC, the common (-) 
jack and the 50 ya jack are used. 

Using the Illustration below, locate on your multimeter the 
conyion (-) Jack and the 50 ya jack. 




(Go to next frame) 
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35. On the Illustration below, che:k the arrows which point to the 
jacks used when making current measurements In the range 0-50 ua. 



a. 




-10 A OUTPUT 
COMMON 




50 y AMPS +10 A 



AC 

5000V 50C0V 

@@ 



(b; c) 



36. List the names of the two jack positions used when making DC 
current measurements In the 0-50 ua range. (Any order) 



a . 
b. 



(THIS ISA TtST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 36 

a. 50 Ma jack 

b, common (-) test jack 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST 
FRAME OTHERWISE, GO BACK TO FRAME 3k AND TAKE THE PROGRAMMED 

SEQUENCE BEFORE TAKING TEST FRAME 36 AGAIN. 



37. Using Practice Board 0-1, a 51 kfl resistor, and one dry cell, 
construct a series circuit as shown below. 



Tl 



-A/W- 
R1»51K Q 





1.5v 



T8 



Make sure the switch is open. 



(Go to next frameT 
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38* Listed below are the proper steps for setting up the multimeter 
for measuring DC current in the O-5O ya range, 

1- Set the function switch at +D£, 

2. Connect the black test lead In the common (-) 
jack and the red test lead In the 50 Ma 
jack, (Use test leads with clips. 1 

3. Set the range switch at 50 pa . 

Following the steps listed above, set up your multimeter, then 
check your meter setup against this Illustration. 

RED 
TEST 

■ 1£AD 



BLACK 

TEST 

1£AD 



♦DC 
-EC vA. AC 




© 

50 u AMPS 



50 li AMPS 



COMMON 



O 



(Go to next frame) 

39. Take the series circuit you have constructed and connect the meter 
In series with the load (between T6^ and J7) , connecting the red 
test lead toward the positive side of the source and the black 

test lead toward the negative side. MAKE SURE THE SWITCH IS 

BEFORE CONNECTING THE METER. 




(open) 
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kO, Energize circuit and observe the meter pointer. If it is de- 
flected to the left, the polarity is opposite to that which was 
anticipated. De-energize the circuit, reverse the meter leads, 
and energize circuit again. ( Note : Meter polarity cannot be 
reversed b^, using the function switch except when measuring 
mi 1 1 iamps . ) 



(Go to the next frame.) 



k\. Read the current directly on the black DC arc using the 0-50 
scale. What is the amount of current flowing in the circuit? 



(approximately 28.5 ya) 



42. De-energize the circuit and remove the test leads from the circuit. 
Restore the circuit to its normal working condition. 



(Go to next frame7 



A3. Recall that current is the same throughout a series circuit. 
Modify the series circuit you have constructed as Indicated 
by the schematic. 

f — — CA> 

51K > ^ 



Tl 




T8 T7 
Then measure current and record it in the space provided. 
Circuit current = M3. 

Do you read the same value of current as when the meter was 
connected between T6 and T7? 



ERIC 



(approximately 2B.5 ua ; yes) 
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Using Practice Board 0-1, a 62 kS2 resistor, and one dry cell, 
construct a series circuit as shown below. 



Tl 



T2 
-f 



® 



T8 T7 

Then measure current and record It In the space provided. 
Circuit current ~ • 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT 
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWER - TEST FRAME 
23-26 ua 

( Note : The lamp will not light because the resistor. 
In this instance, greatly limits the current flow.) 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST 
FRAME kS. OTHERWISE, GO BACK TO FRAME 37 AND TAKE THE PROGRAMMED 



SEQUENCE 


BEFORE TAKING 


TEST FRAME k^i AGAIN. 




^5. Complete the following chart for using 
meter as an ammeter. 


the Simpson 


260-5P multl- 


CURRENT 


FUNCTION SW. 


RANGE SW. 


METER DC 


TEST LEADS POSITION 


TANGE 


POSITION 


POSITION 


SCALE 


RED •BLACK 


0-50 ya 






CURRENT 


FUNCTION SW. 


RANGE SW. 


METER DC 


TEST LEADS POSITION 


RANGE 


POSITION 


POSITION 


SCALE 


RED BLACK 


0-50 pa 


+ DC 


50 pa 


0-50 


50 pa (-) common 



k(>. When reading current below 500 ma, the DC scale used will depend 
on the position of the range switch. When the range switch Is 
In the 500 ma position, current is read on the 0-50 scale. 



Which meter scale is used when the range switch position is 500 ma? 




BEST COPY W/yUBLE 

ky. If the range switch is In the 500 ma position, the value Indicated 

on the 0-50 scale must be multiplied by 10 to obtain the amount 

of current. For example, with the meter set up as shown below, 
the current flow would be 200 ma. 




What Is the current reading Indicated below? ma 




1350) 
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48. What is the current reading Indicated below? 




(THIS ISA TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT 
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWER - TEST FRAME 48 
b. ma 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO TEST 
FRAME 59. OTHERWISE, GO BACK TO FRAME 45 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 48 AGAIN. 



49. When the range switch Is In the 50 ua position or the 500 ma 
position, what meter scale Is used? 

a. 0-50 

b. 0-10 

c. 0-250 



(a) 0-50 



50. Check the statements that are correct. 

a. When the range switch Is In the 500 ma position, current 

value Is read directly on the 0-50 DC scale. 

b. When the range switch Is In the 50 ya position, cur- 
rent Is read directly on the O-5O DC scale. 

c. When the range switch Is In the 500 ma position, the value 

Indicated on the 0-50 DC scale must be multiplied by 10 
to obtain the correct current value. 

d. When the range switch Is In the 50 ya position, the 

value Indicated on the 0-50 DC scale must be multiplied 
by 10 to obtain the correct current value. 



IB"! When the range switch Is In the 50 ya position, current Is 
read directly on the 0-50 DC scale.; c. When the range switch 
Is In the 500 ma position, the value Indicated on the 0-50 DC 
scale must be multiplied by 10 to obtain the correct current 
value.) _______ 
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51. For the rema ning range positions, 1 ma, 10 ma, and 100 ma, the 
O-lO DC scale is used. If the range switch is in the 100 ma 
position, the value indicated on the 0-10 DC scale must be multi 
pi led by 10. 

What is the current reading indicated belov;? 




(b) 90 ma 

52. In the drawing below, how many milliamps will cause full meter 
def 1 ect i on? ma 




100 ma 



p.t. BEST COPY AVMLABLE 

53. What is the value of current Indicated? 



Four- I 
ma 




5^. If the range switch Is set on the 10 ma position, current is read 
directly on the 0-10 DC scale. 

What would the current reading be for the illustration? 




(d) ^.6 ma 



ERiC 
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55. What Is the value of current Indicated by the meter? 




(5.2 ma) 



56. If the range switch Is set on the 1 ma position, current Is read on 
the 0-10 DC scale and each number ts made a decimal: 0.1, 0.2, 0.3, 
O.A, O.b, etc. Here you are really dividing by 10. For example, 
with the meter set up as shown below, current flow would be .2 ma. 




1 ma 



With the range switch on 1 ma, what Is the current reading 
Indicated below? 




(b) 0.^6 ma 
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57. What is the value of current Indicated by the meter? 




(0.52 ma) 

58. Match the meter DC scale to the range switch position. 

Range Switch Position Meter DC Scale 

1. 50 pa a- 0-50 

2. 1 ma 

3. 500 ma b. 0-10 

'». 10 ma 

5. 100 ma 

(1. a; 2. b; 3. a; H. b; 5. b) 
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59. Interpret the meter DC scale below by matching the Indicated 
current to the range switch position. 



^-rT-T-rpm-r 




Range Switch Position 

1 . 10 ma 

2. 50 pa 

3. 1 ma 

k. 100 ma 

5. 500 ma 




Current 

a. 270 ml 1 1 lamps 

b. .5^ ml 1 1 lamps 

c. 27 microamps 

d. 5^* ml 1 1 lamps 

e. 5«^ ml 1 1 lamps 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 59 



1. e 

2. c 

3. b 
k. d 
5. a 



W ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST 
FRAME 61. OTHERWISE, GO BACK TO FRAME kS AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 59 AGAIN. 



60. The jacks used for DC current measurements In the 0-1 ms-10 ma- 

100 n^-500 ma ranges are marked common (-) and posi tlve (+) . These 
jacks are located In the lower left hand corner of the meter. 
Using the illustration below, locate on your multimeter the common 
(-) jack and the positive (+) jack. 




73 



POSITIVE (+) JACK 



(Go to next framed 
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61. On the Illustration below, check the arrows which point to the 
jacks used when making current measurements In the ranges of 
0-1 ma-10 ma-100 ma-500 ma. 



-lOa OUTPUT 



COMMON 



mm 




sou AMPS ♦lOa 

AC DC 
5000V SOOOv 




(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 61 
c; e 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST 
FRAME 64. OTHERWISE, GO BACK TO FRAME 60 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 61 AGAIN. 



62. Using Practice Board 0-1, a 330 fi resistor, and one dry cell, 
construct a series circuit as shown below. 



Tl 



T2 



Rl«330 



Ea l«5v 



T8 * 



Make sure switch Is open. 



(Go to next rrameTT 
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63. Following the steps below, measure current and record it in the 
space provided. 

1. Set function switch to +D£. 

2. Connect black test lead In the comron (-) jack and the red 
test lead In the (+) jack, 

3. Set range switch to the highest ma setting (500 ma). Since 
the exact current flow Is still unknov;n, starting at the 
highest ma range-switch setting can prevent damage to the 
meter. 

k. Ensure switch is open, then break the circuit between T2 and 
T7 > and place the meter in series with the load. Remember, 
polarity must be observed. 

5. Energize circuit and observe the meter pointer. If pointer 
deflects to the left, polarity is opposite to that which was 
anticipated. De-energize the circuit and reverse meter leads 
or turn the function switch to -DC . Energize the circuit 
aga i n . 

6. Read the current on the O-5O DC scale. If necessary, move 
the range switch to one of the other ma positions until you 
get as close to a mid-scale reading as possible. After you 
have taken and recorded your reading, de-energize circuit and 
remove the test leads from the circuit. 

Circuit current ma 



(approximately ^.A ma) 



(>k. Construct the series circuit shown below. Then measure the 
current and record it In the space provided. 

BROWN— Llf^r^^^^ 

T2 



Tl 




Circuit current = 



TS 



T7 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWER WITH THE CORRECT 
ANSWER GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWER - TEST FRAME 64 
Approximately 15 nia 



IF YOUR ANSWER MATCHES THE CORRECT ANSWER, YOU MAY GO ON TO FRAME 
65. OTHERWISE, GO BACK TO FRAME 62 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 64 AGAIN. 

65. Complete the following chart for using the Simpson 260-5P multi- 
meter as an ammet&r. 



CURRENT FUNCTION SW. RANGE SW. METER DC TEST LEADS POSITION 
RANGE POSITION POSITION SCALE RED BLACK 



0-50 ya 



0-1 ma 



0-10 ma 



0-100 ma 



0-500 ma 



CURRENT 


FUNCTION SW. 


RANGE SW. 


METER DC 


TEST LEADS 


POST ION 


RANGE 


POSITION 


POSITION 


SCALE 


RED 




BLACK 


0-50 ya 


+DC 


50 ya 


0-50 


50 ya ( 


-) 


common 


0-1 ma 


+ or -DC 


1 ma 


0-10 


(+) ( 


-) 


common 


0-10 ma 


+ or -DC 


10 ma/amps 


0-10 


(+) ( 


-) 


common 


0-100 ma 


+ or -DC 


100 ma 


0-10 


(+) ( 


-) 


common 


0-500 ma 


+ or -DC 


500 ma 


0-50 


(+) ( 


-) 


common 
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66. Listed below are the steps for measuring 0-10 amps DC. At this 
time, you will not actually take current measurements using this 
range; however, it is important to understand how to set up the 
meter to do so. 

1. Place function switch at +DC. 

2. Connect black test lead in the -10 a jack and the red test 
lead In the +10 a jack. 

J. Set the range switch on 10 a . ( Note ; This Is also the common 

setting for 10 ma.) 
A. De-energIze circuit to be measured and place the meter In 

series with load while observing proper polarity. Red test 

lead to {+) black test lead to {-). 

5. Energize circuit and observe meter pointer. If pointer de- 
flects to left, de-energIze circuit and reverse the meter 
leads. Ent.rglze circuit again. ( Note ; Function switch 
has no effect on polarity In the 0-10 amp range.) 

6. Read the current directly on the 0-10 DC scale. 



(Go to next frame.) 

67. Refer to step 6 In frame 66. How much current would be flowing 
in the meter below? amps. 




(^.6 ampsT 



IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR YOU 
MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, GO ON TO THE NEXT LESSON. 
IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL YOU CAN ANSWER 
ALL THE QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON I 



Measuring Current in a Series Circuit 



We have already indicated that a series circuit has only one path for 
current to flow, but a parallel ci rcu it has two or more current paths. 



Remember that when you measure current you must connect the ammeter in 
series , not in parallel. 

In this lesson, you will learn to use the multimeter to measure current. 
It works just like the simple ammeter, but the switches make it a little 
more complicated to set up. The ammeter ranges of the Simpson 260 are 
0 to 1 milliampere, 0 to 10 mi 1 1 iamperes , 0 to 100 mi 1 1 1 amperes , and 
0 to 500 mi 1 1 iamperes. There are two special ranges, 0 to 50 micro- 
amperes and 0 to 10 amperes, that require the test leads be plugged 
Into special jacks. All DC current values are read on the scale marked 
DC , using the numbers which correspond to the range switch setting. 

If you feel you know enough about using the multimeter as an 
ammeter, perlForm the experiments on pages 9 and 19 before you 
take the progress check. If not, study the Narrative and/or 
the programmed sequence prior to performing the experiments. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON II 

Voltage in a Series Circuit 

In this lesson, you will study and learn about the following: 

-difference in potential 
-where potential difference exists in 
a ci rcui t 
-voltage rise 
-vol tage drop 

Each of the above topics will be discussed In the order listed. 
As you proceed through this lesson, observe and follow directions 
careful ly . 

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RHSOURCHS 
LliSSON II 



Voltage in a Series Circuit 



To learn the material in this lesson, you have the option of 
choosing, according to your experience and preferences, any or all 
of the following: 



STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 



ENRICHMENT MATERIAL: 

NAVPERS 93400A-la "Basic Electricity, Direct Current." 

Fundamentals of Electronics . Bureau of Naval Personnel. 
Washington, D.C. : U.S. Government Printing Office, 1965. 

You may study whatever learning materials you feel are necessary to 
answer the questions in the Lesson Progress Check. All your answers 
must be correct before you can go to Lesson III. Remember your in- 
structor is available at all times for any assistance you may need. 



YOU MAY NOW STUDY ANY OR ALL OF THE STUDY RESOURCES LISTED ABOVE. YOU 
MAY TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON I I 

Voltage in a Series Circuit 

Difference in Potenlia) 

You knov; you can measure current anywhere in a series circuit 
and the ammeter will read the same number of amps. However, 
when measuring voltage, you will get a reading only between 
points where a difference in electrical potential exists. 
You recall that this potential difference is called vol tage . 
This means voltage is measurable only between two points where 
one point is more or less negative than the other point. Keep 
in mind that if v/e say more negative, that also means less 
positive; or, if v/e say less negative, that also means more 
pos i t i ve , 

Where Potential Difference Exists in a Circuit 
A potential difference exists in a circuit: 

1, Wherever energy is being applied to the circuit. 
This is referred to as the vol tage r i se or rise 
i n potent i a 1 . 

2, Wherever energy is being converted by the load. This is 
called a fall in potential and is often referred 

to as a vol tage drop 



Ansv;er this question. 




At v;hat point in the above circuit does the 
voltage drop take place? 



Answer: At the load (B) 



V oltage Rise 

Recall how chemical action within a cell tends to cause 
electrons to pile up at the outer terminal of a dry cell, 
making this terminal negative. You also know that this 
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causes the center terminal to be deficient in electrons. 
The center terminal now is less negative than the outer 
terminal. When one point is more negative (-terminal) 
than another (+terminal), we say that a difference in 
potential exists between these two points. 

If voltage is measured across these points, as shown in the 
figure below, you will get a voltage reading of about 12 volts. 




This Indicates a rise in potential of 12 volts or that you have 
an applied voltage of 12 volts. You will normally see appl led 
voltage abbreviated as E . A voltage rise may also be abbreviated 
E (for source vol tage) ,^or E_ (for total vol tage) . 



Voltage Drop 

When voltage is applied to a circuit, you know that the electrons 
piled up at the negative terminal cause current to flow through 
the external circuit from the more negative post back around 
to the positive (less negative) post. 




In the circuit below, electrons have about the same amount of 
negative potential at the top of the resistor as when they 
left the source. If you were to connect the probes of a volt- 
meter to the points shown in the illustration, the meter would 
read 0, because almost no difference in potential exists. 




READS Ov 



We can therefore assume that free electrons at the top of 
resistor (B) are being pushed away from the negative terminal 
of the source. 
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Because the load offers resistance to the electrons as they 
move through It, the electrons give up their energy In the 
form of heat. Remember, energy cannot be destroyed; It can 
only be changed from one form to another. 

As electrons move through a resistance they give up their 

energy. Upon leaving the end of the resistor, 

nearly all the potential energy has been changed to heat energy* 

This loss of potential Is called a fall in potential or a 

vol tage drop * This causes the bottom of the load resistance 

to be less negative than the top, so the bottom Is designated 

as having a positive polarity. 



A difference of potential has now been developed across the 



load. This difference In potential Is the 
(-) to (+) here Is a drop since the energy 
is dissipated in the load. 



vol tage drop . Note 
Ttid 



suppl led by the source 



£a 
12v 



rr 



12v DROP 



It IS Important here to realize that a voltage drop will only 
be developed when current Is flowing through some opposition. 
Although a very small energy loss occurs as current flows 
through the conductor, the resistance of the conductor Is 
low and Is negligible In most practical applications* In 
later units we will learn how to compute voltage drops in 
cl rcul t . 



very 
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Here are two "golden rules" that will prove to be Invaluable, 
This first rule is often called Kirchhoff^s Voltage Law . 

Rule 1 . The total voltage drop in a series circuit will 
always equal the applied voltage . 



Answer this question. 



r 



What is the value of applied voltage (E )? 

a 

a. 100 V 



b. 0 V 

c. 50 V 

d. 25 V 



Answer: c. 

This rule holds true no matter how many resistors are In a 
series circuit. 



Note ; We number the resistors Rl_, R2, and R3 to distinguish 
each particular one. ^ 12v 

I ®— 1 




Voltage drops, then, are designated as Ej^| , t^^^, and E^^^. 
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Answer this question 



Ea 

2hv 



r 



ERl 

-A/W 
12v 



Er2 
6v 



ER3 

VvA 

? 

Which of the below Is tha voltage drop across R3? 



a. 
b. 
c. 



2ky 

6v 

Ov 



Answer: b. 6v 



The total of the voltage drops across all the resistors will 
always equal the applied voltage. No matter how many resistors 
are in a series circuit, they will use the total energy put 
into the circuit by the source. The ohmic value of each re- 
sistor determines how much voltage is dropped across it. 

Another way of stating the rule is: The sum of the voltage drops 
in a series circuit will always equal the applied voltage. 

Rule 2 . In a series circuj-t the largest voltage drop will take 
place across the largest resistance . 

For example, if you have a circuit with two resistors, one of 
them 10 ohms and the other 5 ohms, the greatest voltage drop 
will occur across the 10-ohm resistor. 

Ea JT 
30v- 



Rl 

ion 



R2 

5n 



20v 
lOv 



The 10-ohm resistor drops 20 volts while the 5-ohm resistor drops 

10 volts. Note the sum of these two: 10 v + 20 v = 30 v, the E . 

a 

Let's look at the second rule in a slightly different manner. 



I— AAAAo 

JRl 
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In this schematic, Rj_ is a variable 
resistor and we can assume that because 
R2 is dropping the entire amount of 
voltage that Rl is adjusted to 0 ohms. 
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II, 




.50 



Now if RJ_ is set to the 50-ohm position, 
notice that the voltage drop across 
decreases to 25 volts and the voltage 
drop across RJ_ increases to 25 volts. 
This is an important concept to remember. 
Let's see if we can relate it to our two 
voltage rules. 



Rule 1 - Sum of voltage drops^ equals applied voltage , (it did in 
both circuits.) Notice that E is 50 volts in both cir- 
cuits, and that if the voltage^drop across R2_ decreases , 
then the voltage drop across RJ_ has to increase. 

Rule 2 - Greatest voltage drop will exist acro ss largest resistance, 
Notice as the value of Rj_ increases, then the voltage drop 
across it also increases. If Rl_ were increased above 50 
ohms, then more voltage would be dropped across Rl than 
R2. 



AT THIS POIN^ YOU MAY TAKE THE PROGRESS CHECK, OR YOU MAY STUDY 
ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS 
CHECK AND ANSWER ALL OF THE QUESTIONS CORRECTLY, GO TO THE NEXT 
LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH UNTIL 
YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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PROGRAMMED INSTRUCTION 
LESSON I I 

Voltage in a Series Circuit 

TEST FRAMES ARE 20 AND 2k. AS BEFORE, GO FIRST TO TEST FRAME 20 
AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS THERE, FOLLOW THE DIREC- 
TIONS GIVEN AFTER THE TEST FRAME, 



You know from the previous lesson that current can be measured 
anywhere in a series circuit. Voltage, however, can be measured 
Only between two points where one point is more (or less) 
negative than another point. 

Voltage is measurable: 



a, where a difference in potential exists in a circuit, 

b, anywhere in a series circuit. 



(a) where a difference in potential exists in a circuit. 



2, A difference in potential or potential difference can only exist 
where electr;ical energy is generated or where it is used by a 
load or resistance. 

At what points in the circuit below can voltage be measured? 

bCZI 




Tfv — ;k 



(a; b; c) 
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3. At what places in a circuit does a potential difference exist? 

a. at the source which supplies electrical energy to the 
ci rcu i t . 

b. at the conductor which carries electrical energy to the 

load 

c. at the load which receives and uses electrical energy 



Iar~at the source which supplies electrical energy to the circuit; 
and, c. at the load which receives and uses electrical energy.) 



k. The potential difference is developed across the load by current^ 
flowing through the load. Since we know that current In a circuit 
outside the source flows from negative to positive, the polntwhere 
current enters the load device is labeled negative and the point 
of departure is labeled positive. 

Label the voltage drops with proper polarities. 
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5. Which circuit has a difference in potential across the load? 

A B 

I • > 



IaT 



6, In a circuit with an open switch, there will be some movement of 
electrons within the wires of the circuit. This movement will 
continue until the contact points of the open switch are at the 
same electrical potential as the terminals of the source to which 
they are attached. 

What potential difference exists across the switch in the circuit 
il lustrated below? 

y", , 



-r-r 12v 




(The same as the source or 12v) 



7. Between what points in the circuit below does a potential 
difference exist? q 

. ^ 

a. A and B ^ j ^ cJ 

b. B and C 

c. C and D 

d. D and E 



(a. A and B; c. C and DT 



ERIC 



76 



p, I . 



Four- 1 1 



8, A potential difference across a source is called a voltage rise 
or rise in potential . 

At what points in the circuit below does a voltage rise exist? 



I 



] 



TiT 



9. The place In the circuit where voltage Is used by the load Is 
referred to as the voltage drop or fal 1 in potential . 

At what points In the circuit below does a voltage drop exist? 




(a, c) 



10. Match. 



1. where energy Is being used 

by a load 

2. where voltage Is being applied 

to the circuit at the source 

3. rise In potential 

k. fall in potential 



a. voltage drop 

b. voltage rise 



(1 . a; 2. b; 3. b; ^. "a7 
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11. Study the schematic, then answer the questions below. 



^ ^r-ff^ — ^AAr 




1. At what point does a voltage rise exist? 

2. At what points does a voltage drop exist? 



(1. h, c) (27~b, d. e, g) 



12. Match the letters on the schematic to the corresponding voltage 
concepts. 

— a — 





1 . vol tage ri se 

2. zero (O) difference in potential 

3. voltage drop 



(1. a) (2. b and d) (3. c) 



ERIC 



78 



P.I . 



BEST copy mmiE 



Four- 1 1 



13. The voltage rise at the source is often abbreviated E (for 
source vol tage ) > E (for appi led vol tage) , or E^ (for total 
vol tage) , ^ 



Which circuits are correctly labeled? 



f 



-i- Es 



Se 



£a 



L___ J 



do 

V 



Ea 



(a. d) 



\k. A voltage drop Is often abbreviated just E_, but if there are 

several voltage drops in the circuit, each is labeled as E^p 

E_„, etc., for differentiation. 
KZ 

Check the circuits that have the voltage drops correctly labeled, 




15. Which circuit has the polarity of the voltage drops correctly labeled? 

A. + - B. 

'WV- 



'R3 



ER2 



Ea 



3i . 

— A/vV— 



-WV- 



(A) 

(REMEMBERj Polarities are labeled negative to positive across the 
load in the direction of current flow.) 
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16. In a dry cell, chemical energy is converted and produces electrical 
potential energy. When an electrical load is connected to a voltage 
source (such as a dry cell) nx)st of the electrical energy supplied 
to the load is changed to heat (or other forms of energy) within 
the load* The change to a different form of energy causes the 
electrical energy to decrease. This decrease in electrical energy 
within the load is called voltage drop. For example, If the potential 
energy given to free electrons, as they are moved by the EMF within 
a cell, is l.SV, then the same amount of energy, l.SV must be given 
up by free electrons as they pass through the load. 

In the circuit below, how much voltage is dropped across the 



!?• Regardless of the number of loads in a series circuit, the total 
applied voltage will be divided between the loads. 

What is the voltage dropped (Ep«) across R3 in the circuit? 



load? 



_ _ Ea 




(3 volts) 




(d) 1 V 
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)8, In a series circuit, the sum of the voltage drops will always 
equal the applied voltage. This is commonly called Ki rchhof f s 
Vol tage Law , 

What is the voltage drop i^^2^ across R2 in the circuit below? 



V. 



I 



Ea 

12v 



%1 6v 



%2 



19. What Is the applied voltage in the circuit below? 

• lllk — 



b. 3v 

c. 6v 

d. I8v 



+ 

Er3 
3v 



E 



%2 3v 



RT 
12v 



(d) 18v 
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20. Study the schematic, then check the statements that are true. 



ER2 



. Ea 



%1 , 



a. The voltage rise is equal to the sum of the voltage drops. 

b. The total voltage dropped is 13 volts. 

c. The voltage drop across RJ^ is greater than the voltage 
drop across R2^. 

d. The voltage rise at the source Is k volts. 

e. The total applied voltage is 18 volts. 

f. The rise in potential is 9 volts. 

g. The polarities indicated for both voltage drops are 
correct. 



h. The polarity indicated for E^^^ is correct. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 20 

a. The voltage rise Is equal to the sum of the voltage drops. 

c. The voltage drop across RJ_ Is greater than the 
voltage drop across R2_. 

f. The rise In potential Is 9 volts. 

g. The polarities Indicated for both voltage drops are 
correct . 

h. The polarity Indicated for Ep, Is correct. 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
TEST FRAME 2k. OTHERWISE, GO BACK TO FRAME 1 AND TAKE THE PRO- 
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 20 AGAIN. 



21. The second rule for a series circuit Isr 

In a series circuit, the largest voltage drop will take place 
across the greatest resistance. 

Which resistor will have the largest voltage drop? 



c. 



Rl 

R2 
R3 




R2 25'-^ 
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22. Study the schematic below. 



1 



I ^%A/v 

20v 

Which resistor has the largest ohmic value? 



^R2 

-Vvv- 
lOv 



Eri 

5v 



a. R1 

b. R2 

c. R3 



(c) R3 



23. The largest voltage drop in a series circuit will occur across 
the: 

a. resistor closest to the negative side of the source. 

b. resistor with the highest ohmic value. 

c. load having the least resistance. 



(b) resistor with the highest ohmic value. 



24. Circle the resistor in each schematic that will have the largest 
voltage drop. 



A. 



B. 



■II- 



1 



5v 



Ea l^v 



Rl 

10^ 



R3 

10^ 



1 




R2 X5« 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN ON THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 2^ 




IF ANY OF YOUR ANSWERS IS INCORRECT , GO BACK TO FRAME 21 AND 
TAKE THE PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR 
YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE 
PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, GO TO THE 
NEXT LESSON. IF NOT, STUDY ANY METHOD OF INSTRUCTION YOU WISH 
UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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SUMMARY 
LESSON II 

Voltage in a Series Circuit 

Difference in potential, you will recall, is a difference in the 
amount of charge between two points. This means that one of the 
points is more negative (or less positive) than the other. 

A potential difference exists at the source where there is a rise 
in potential, and at a load where there is a voltage drop. The 
voltage rise at the source is often labeled E^ (for source voltage), 
E (for applied voltage), or E (for total or terminal voltage). 
A^voltage drop is often abbreviated simply IE, but if there are 
several voltage drops in the circuit, they may be marked E^^^ E^^^* 
etc., so each can be identified. 

The total voltage rise in a circuit always equals the total voltage 
drop in that circuit. In other words, all the energy given to the 
free electrons by the source is given off as heat as they pass 
through the load. This is the first rule for series circuit con- 
ditions; it is actually an electronic equivalent of the principle 
of conservation of energy, and is known as Kirchhoff's Voltage Law . 
Thus: 

THE TOTAL VOLTAGE DROP IN A SERIES CIRCUIT WILL ALWAYS EQUAL 
THE APPLIED VOLTAGE. 



What is the voltage drop (E^^^) 
across R2 in this circuit? 



(Answer: 8 volts) 



No matter how many resistors are in a series circuit, the total 
applied voltage will be divided among the resistors, and all 
the voltage will be dropped. The resistance value of each resis- 
tor determines what portion of the applied voltage will be dropped 
by it. The resistor with the greatest resistance will get the 
largest share of the voltage, the second-largest resistance will 
get the second- 1 a rgest voltage, and so on down the line to the 
smallest resistance. The second rule for serie? circuit is: 

IN A SERIES CIRCUIT. THE LARGEST VOLTAGE DROP WILL TAKE 
PLACE ACROSS THE LARGEST RESISTANCE . 

If you place in series a variable resistor, a fixed resistor, and 

a source, the voltage drop across the variable resistor will increase 
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or decrease as the resistance goes up or down, and the fixed re- 
sistor will always drop the rest of the applied voltage. 

The diagram below illustrates the circuit at three different settings 
of a variable resistor. 



I 



30v 




lOv 



20v 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU MAY 
STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR BOTH. 
IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUESTIONS COR- 
RECTLY, GO TO THE NEXT LESSON. IF NOT, STUDY ANOTHER METHOD OF 
INSTRUCTION UNTIL YOU CAN ANSWER ALL THE QUESTIONS CORRECTLY. 
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OVERVIEW 
LESSON I I I 

Using the Multimeter as a Voltmeter 

In this lesson you will study and learn about the following: 

-meter connections 
-interpreting the DC voltage scale 
-practical measurement of DC voltage 
(0-30v) 

-measuring DC voltage (30-1000v) 
-measuring AC voltage (O-lOOOv) 

Each of the above topics will be discussed In the order listed. 
As you proceed through this lesson, observe and follow directions 
carefully. 

BEFORE YOU START THIS LESSON, PREVIEW THE LIST OF STUDY RESOURCES 
ON THE NEXT PAGE. 
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LIST OF STUDY RESOURCES 
LESSON I I I 

Using the Multimeter as a Voltmeter 

To learn the material in this lesson, you have the option of choosing, 
according to your experience and preferences, any or all of the following 

STUDY BOOKLET: 

Lesson Narrative 
Programmed Instruction 
Lesson Summary 

ENRICHMENT MATERIAL: 

NAVPERS SB^OOA-la "Basic Electricity, Direct Current." 

Fund amentals of Electronics . Bureau of Naval Personnel. 
Washington, D.C.: U.S. Government Printing Office, 1965- 

AUDIO-VISUAL: 

Sound/Slide Presentation - "Measuring Voltage With a Multimeter." 

YOU MAY NOW STUDY ANY OR ALL OF THE RESOURCES LISTED ABOVE. YOU MAY 
TAKE THE PROGRESS CHECK AT ANY TIME. 
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NARRATIVE 
LESSON III 

Using the Multimeter as a Voltmeter 

You have learned to use the multimeter to measure resistance 
and direct current. We are now going to use it to take DC and 
AC voltage readings. The settings and connections to use 
the multimeter as a voltmeter will be different than the ones 
used when using it as an ammeter or ohmmeter. 

A Word of Caut ion ; Always connect a voltmeter in parallel 

(across) the potential difference to be measured, never 

in series. Recall that this is exactly opposite to the way 

we connect an ammeter. 




A Little on Voltmeter Theory 

If we think In terms of current (the flow of electrons) being 
the only electrical quantity that moves within a circuit, then 
all meters must operate on current flow. In other words, some 
amount of current causes all meter pointers to deflect. In 
the case of a voltmeter. It operates on a very small amount 
of current but the meter face Is calibrated In volts. When a 
voltage is applied to the test leads, a cuf-rent flows from the 
negative jack through the function switch to the meter movement, 
through the meter movement to the proper multiplier resistor, 
as selected by the range switch, and then through the range 
switch to the positive jack of the meter. The range switch 
selects the proper multiplier resistor for the range of voltage 
being measured. 

The function of the multiplier resistor is to limit the current 
to a value that will not damage the meter movement. 
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Interpreting the DC Voltage Scale 

You will use the black arc labeled DC (second from the top) for 
all DC voltage measurements. Recall that this is the same arc 
(scale) we used to read current. 

The three rows of numbers directly under the DC arc will be 
used to measure values of voltage. The row used will depend 
on the position of the range selector . If the range switch 
is set on 2.5 v, simply put an imaginary decimal point before 
the last two digits on the 250 row. You are actually dividing 
by 100. If the range switch is set on 10, you read the 10 v 
scale directly; if set at 50, you read the 50 v scale directly. 
When the setting is 250, you read the 250 v scale directly. 
If the range switch is in the 1000 v position, use the 0-10 
scale and add two zeros to the indicated value. Here you are 
multiplying by 100. 

(See illustration on next page.) 
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In this Illustration, the meter reads 2 volts. 



Measuring DC Voltage (0-30 Volts) 
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1. Using Practice Board 0-1, a 10 resistor, and four dry 
cells, construct a series circuit as shown below. 

II T2^vvwi3 A 

_L i.^v Ri=io 



1.5v 



T8 



R2- 



?7— Ttt::^ 
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NOTE ; Before you wire the variable resistor into 
the circuit, adjust it to 0 ohms. To do this, set 
the multimeter up as an ohmmeter, zero it, connect 
a test lead to each wire of the rheostat, and turn 
the resistor knob until the meter registers 0, 
Connect R2^ into the circuit. 

2. Set up multimeter as voltmeter to read 0-50 volts, 
(You know the source voltage is 6 v.) 

a. Set function switch to +D£, 

b. Plug black test lead into common (-) jack and 
red test lead into (+) jack. 

c. Set the range selector in the 10 v position, 

NOTE ; When In doubt about the amount of voltage, 
always use the highest voltage range (1000 v) • 

d. Observe the correct polarity and place meter 
leads across Tl_ and T8^ and measure applied voltage. 
If pointer deflects to left of 0, the actual 
circuit polarity is opposite to that which was 
anticipated. Place function selector in the 

-DC position to correct the polarity as applied 
to the meter. 

3, Energize the circuit and place meter range switch in 
the 10 V position. 

A. Read voltage on black DC arc. Record 



You read approximately 6 v, as you would expect, because you 
are reading the difference of potential across the source, 
or the voltage rise. 



5. To read the voltage drop across R2^, connect meter 
probes across T6_ and T5,. 

6. Read and record 



You should have read 0, because the resistor is set at 
0 and there Is no voltage across It. It is 
acting like a straight piece of wire In the circuit and 
has no difference in potential. 



7. Place probes across T2 and T^ to read the voltage 
drop across RJ[. Remember to observe polarity. 



8. Record • 

ERLC " 



Narrat I ve 



Four- I I I 



The vdltage drop across RJ^, which we designate as E is 
approxlinately 6 v is the amount of voltage applied to the 
circuit. All of the applied voltage is being dropped 
across RJ^ because we consider it as the only opposition 
to current in the circuit. 



Now let's see v/hat happens when we add resistance to the 
circuit by varying R_2. 



1 


Connect the probe clips 


across R2. 


2. 


Slowly turn the knob on 


the variable resistor to 




increase res i s tance. 




3. 


Observe the meter. 




A. 


Turn the knob until R2 


is at full resistance (as far 




as knob wi 1 1 turn) . 




5. 


What is E^^? 


* 



You read that approximately 5 v when R2 is at 

its maximum resistance value and is ir series with Rl_. 
As R2 is now about 50 and Rl is 10 J^, this demonstrates 
that the greatest voltage drop takes place across the 
greatest res is tance. 



6. Leaving R2^ at maximum 50 connect probes across RJ^. 

7. Ep, equals . 



Ej^, then is approximately 1 volt, demonstrating that the sum 
or the voltage drop equals the applied voltage. Note that 
these values (5 v and 1 v) are not exact because we need 
to allow for meter and circuit tolerances. 



8. Reconnect probes across R2^ and vary resistance again 
until you read approximately 3 v on the meter. 

9. Then read E^^^ to see if you also read approximately 
3 V there. 



You have observed that as the value of R2^ increases, 
Ej^2 increases and E^^^ decreases. The reverse Is also 
true. As R2^ decreases , decreases and E^^j Increases 
so that the sum of the voiiage drops equals the applied 
vol tage. 
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Nov/ we are going to measure voltage at one point in your power 
supply. Measure only as instructed; othervnse you will be dis- 
regarding safety precautions and you might encounter high voltages. 

Your power supply has an AC source, so you will be measuring an 
AC voltage for the first time. 



WARNING: Be extremely careful. Do not touch the meter or test 
leads v/hile power is on in the circuit b^ng measured. Be 
sure power is off v/hen connecting and disconnecting test leads. 

1. Be sure the switch in your power supply is open. 

2. Set up the meter to read 0-1000 volts AC. 

a. Set function switch to A£. 

b. We will be reading a voltage between 20 v and 30 v, 
so place the range switch in the 50 v position. 

c. Pi ug leads as usua 1 . 

3. As v/e are measuring AC, polarity need not be observe*:!. 
Connect leads across Tl_^ and T8^ (nowhere else). 

k. Plug power supply into wall outlet and energize by closing 
the switch. 

5. Record meter reading. Read the red arc marked 

AC and use the black figures immediately above the arc 
that correlates with the position of the range switch. 

We are in the 50 v position so we use the 0-50 figures. 
You should be reading approximately 30 v AC. 

6. De-energize circuit and remove test leads. 



Measuring DC Voltage (30-1000 Volts ) 

You will not actually measure voltages above 30 volts while in 
this school because of safety considerations. However, you 
should understand how to set up the meter to do so. The im- 
portant thing to remember here is that you will not touch 
the meter leads or meter while it is connected to an energized 
circuit if the voltage to be measured is above 30 volts. 

You have already learned the initial steps in setting up the 
meter . 

You also know how to set the range in any of the five positions 
When in doubt, use the highest voltage range. Observe the 
meter reading. If the voltage is within a lower range, the 
switch may be set for the lower range to obtain a more accurate 
reading. 
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Note: De-energIze the circuit prior to turning range switch. 

When you energize the circuit to be tested, If the pointer 
deflects to the left of 0, the circuit polarity Is 
opposite the anticipated polarity. Turn the circuit power off. 
Set the function switch at -DC . and turn the power on. This 
will correct the polarity as applied to the meter. Read the 
voltage on the black arc marked D£. Turn the circuit power 
off before disconnecting leads. 



Measuring AC Voltage (30-1000 volts) 

Warning ; Here again If the voltage to be measured Is above 30 
volts, do not touch meter or Its leads while they are connected 
to the energized circuit . The circuit must be de -energized when 
making meter connections. 



AT THIS POINT, YOU MAY TAKE THE PROGRESS CHECK, OK YOU MAY STUDY 
ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE PROGRESS CHECK 
AND ANSWER ALL OF THE QUESTIONS CORRECTLY, YOU HAVE MASTERED THE 
MATERIAL AND ARE READY TO TAKE THE MODULE TEST. SEE YOUR INSTRUCTOR. 

(F YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF 
YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF INSTRUCTION 
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS 
CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE 
TEST. 
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PROGRAMMED INSTRUCTION 
LESSON III 

Using the Multimeter as a Voltmeter 

TEST FRAMES ARE 7, 1^, 31, 3^, ^3, 52, AND 56. AS BEFORE, 

GO FIRST TO TEST FRAME 7 AND SEE IF YOU CAN ANSWER ALL THE QUESTIONS 

THERE. FOLLOW THE DIRECTIONS GIVEN AFTER THE TEST FRAME. 



C. 



d. 



Recall that voltage Is measurable only where there Is a differ- 
ence of potential. Between what points in the circuit can voltage 
be measured? 

b. 

a. A and B ■ m t^^^^ 

b. C and D J, 

c. B and C 

a. I ^ 

d. A and F fe. 

e. D and E 




(a. A and B; c. B and C"; e. D and E) 



2. When using the multimeter as a voltmeter for measuring voltage, 
it must always be connected in parallel with the potential 
difference to be measured. 



Which meters are correctly connected for measuring voltage? 



a . 
b. 
c. 
d. 
e. 



Meter #1 
Meter #2 
Meter #3 
Meter #4 
Meter #5 




(a. Meter /f\i c. Meter n\ e. Meter ff5^ 
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3. The Simpson 260-5P multimeter is capable of measuring either 
AC or DC voltages. 

Which control on the multimeter determines whether AC or DC 
voltage values are to be measured? 

a • 0 ohms 

b, function switch. 



(b) function switch 



When measuring DC vol tage, .polar i ty must be observed. 

The negative probe of the meter must be connected to a point of 
negative polarity and the positive probe of the meter to a point 
of pos itive polarity. 

Which schematic shows the multimeter correctly installed for 
DC voltage measurements? 



B 




5. Which voltmeter Is correctly Installed for measuring DC voltape? 



a. Voltmeter #1 

b. Voltmeter #2 

c. Voltmeter #3 



I 
I 



#1 





(b) Voltmeter #2 
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6. When used to measure AC voltage, meter polarity does not have 

to be observed. Which schematic shows the meter correctly 
Installed for AC voltage measurements? 

A B 






(A. B - both are correct) 



7. Match; 

1. 



2. 



Ill 



a. AC voltage meter 
connect Ion 



b. DC voltage meter 
connect Ion 



3. 



VOLTAGE 
SOURCE 

I — 0 wvw-J 




c. Incorrect voltmeter 
connection (AC 6 DC) 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 7 

1. b 

2. a 

3. c 
^1. a 



IF ALL YOUR ANSWERS M/\TCH THE CORRECT ANSWERS, YOU MAY GO ON- TO TEST 
FRAME 14. OTHERWISE, GO BACK TO FRAME I AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 7 AGAIN. 



8. The Illustration below shows the meter scales and controls that 
are used with the voltmeter section of the Simpson 260-5P multi- 
meter. Compare the illustration with the meter provided, then 
match the letters to the parts of the multimeter. 




function switch $. DC voltage scale 

(+) test Jack 6. AC voltage scale 

range switch 7. 2.Sv AC scale 
convnon (-) Jack 



1. 
2. 
3. 
4. 



(1. d; 2. fj 3. g; 4. ej 5. a; 6. b; 7. c) 
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9. When measuring DC voltage, the function switch must be in the 
+DC or -DC positon (depending on ths polarity of voltage being 
measured). 

What function switch settlng(s) can be used when measuring 
direct current voltage? 

•fDC 




(a. c) 

to. To measure direct current, the function switch must be in the 
or the positions. 



(•fPC. -DC depending on the polarity) 
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. When setting up the multimeter to read DC voltage, the function 
switch Is normally placed In the +DC position. Remember DC 
voltage measurements require that polarity be observed. 

Which drawing shows the multimeter correctly connected' for 
measuring DC voltage? 



A. 



B. 




w 
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12. The pointer of the multimeter when not measuring current or voltage, 
should rest at the "0" position. When the meter Is properly connected 
to measure current or voltage, the proper polarity must be observed. 
The pointer will then move to the right. 



Which pointer position Indicates proper polarity of the meter 
connect Ion? 



A. 



B. 



C. 






IaTcT 



lOS 



BEST COPY AVWLABLE Four-iii 

t3. If for some reason the meter Is connected Improperly, the function 
switch can be uSed to change the polarity of the meter without 
removing the meter leads from the circuit under test. The 
Illustration below shows an Improper meter connection. Check 
the function switch position you would use to correct the meter 
connection. 
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]k. Check the statements that are true. 

^ a. When measuring voltage, the function switch must 

always be in the -^DC position* 

b* When reading DC voltage, polarity must be observed. 

c. When measuring DC voltage, correct meter connection 

will cause pointer deflection to the left of zero. 

d. Meter polarity can be changed by moving the function 

switch to either j;D£ or -DC . 

e. Meter polarity can only be changed by removing the 

test leads from the circuit and reversing them. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE 
CORRECT ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME U 

b. When reading DC voltage, polarity must be observed. 

d. Meter polarity can be changed by moving the function 
switch to either +DC or -DC. 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
TEST FRAME 31. OTHERWISE, GO BACK TO FRAME 8 AND TAKE THE PRO- 
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 1^ AGAIN. 



15. Look at the range switch positions on your multimeter, then 
label the five voltage positions on the drawing below just 
as they are markc on your meter. 
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16. Each voltage range-switch marking represents the maximum 
voltage that the multimeter Is capable of measuring when In 
that position. For example If the range switch Is set to 
50 V, this means that the voltage range Is 0-50 v; If the 
range switch Is set to 10 v, the voltage range would be 0-10 v. 

What would the voltage range be If the range switch were set 
to 250 V? 

a. 250-1000 V 

b. 0-250 V 

c. 10-250 V 



(b) 0-250 v' 



17. Look at the voltage range swl'ch positions again, then list the 
voltage ranges the meter Is jesigned to measure. (Any order.) 

a. 

b. 

c. 

d. 

e. 



(0-2.5 v; 0-10 v; 0-50 v; 0-250 v; 0-1000 v/5000 vT 



18. The meter scale used for measuring DC voltage Is the black arc 

that Is labeled DC (second from top). Locate the DC scale on 

your multimeter, then check the arrow that points to the DC 
scale In the Illustration. 

Ml. NO. lAtMi "t<l IM Ubtk ■* UltfMM IIICtKIC CO CHKAUO, III . 
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19. Look at the DC scale on your multimeter again. Notice that there 
are three rows of numbers und^r the black arc calibrated 0-250, 
0-50, and 0-10. All three of these meter scales are used for 
DC voltage measurements. The position of the range switch (2.5 v, 
10 V, 50 V, 250 V, 1000/5000 v) will determine which DC meter 
scale to use. 



Which diagram correctly Identifies the numbers uSed for measure- 
Ing DC voltage? 

A. 



B. 





20. When the range switch Is In the 2.5 v position, use the 0-250 DC 
scale and divide the Indicated value by 100. What would the 
voltage reading be for the Illustration? 



a. 1 .25 volts 

b. 12.5 volts 

c. 25 volts 

d. 250 volts 




rr-rTT 




2.5 




(a) 1.25 v' 



no 



BEST COPY AVMU6LE 



21. Which Illustration indicates a voltage value of 0.5 volts 
on a Simpson 260 meter. 




(a) 

22. What Is the voltage indicated? v DC 




(1 .2 V DC) 



ERIC 
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23. If the range switch Is In the 1000 v position, use the 0-10 DC 
scale and multiply by 100. 

What would the voltage reading be for the Illustration? 




The voltage Indicated Is v DC 



(5^0 V DC) 



2k. Which Illustration could Indicate a voltage value of k60 
volts on the Simpson 260? 
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25. What Is the voltage Indicated? 



(Meter jacks for 0-1000 v are In use.) 




1000V 




Four- III 



V DC 



(200 V DCT 



2.6. Match. 

Meter Scale 

1 . 0-10 X 100 

2. 0-250 t 100 



Range-switch Setting 

a. 2.5 V 

b. 1000 V 



(1. b; 2. a)" 




27. If the range switch Is set on the 10 v position, voltage Is 
read directly on the 0-10 DC scale. 

What would the voltage reading be for the Illustration? 

_a. 46VDC f 

b. 230 V DC \ 

c. 5 V DC / I 



lOv 




TdT^.e V DC 
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28. If the range switch Is set on the 50 v position, voltage Is 
read directly on the 0-50 DC scale. 

What would the voltage reading be for the Illustration? 




(b) 26 V DC 



29. If the range switch Is set on the 250 v position, voltage Is 
read directly on the 0-250 DC scale. 



What would be the voltage reading for the Illustration. 




(a) 13V V DC 
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30. Match the meter DC scale to the range switch position. Meter 
leads are connected to common (-) and (+) jacks in every case. 



Range Switch Position 

I. 2.5 V 

2. 10 V 

3. 50 V 
k. 250 V 

5. 1000/5000 V 



Meter DC Scale 

a. 0-50 

b. 0-10 

c. 0-250 



(1 . c; 2. b; 3. a; k. c; 5. b/a) 



31. Interpret the meter DC scale below by matching the Indicated 
voltage to the range switch position. 




Range Switch Position 

1. 10 V 

2. 50 V 

3. 2.5 V 

k. 250 V 

5. 1000 V 



DC Voltage 

a. 5^0 volts 

b. 135 volts 

c. 27 volts 

d. 1.35 volts 

e. 5.^ volts 



(THIS IS A TEST FRAME-. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN ON THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 31 

1. e 

2. c 

3. d 
k. b 
5. a 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST 
FRAME 3^. OTHERWISE, GO BACK TO FRAME 15 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME 31 AGAIN. 



32. When using the multimeter to read DC voltage, the common (-) 
test jack and the (+) test jack are used. 

Using the Illustration below, locate on your multimeter the common 
(-) jack and (+) jack. 





(do to next frame.) 
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33. On the Illustration below, check the arrows which point to the 
jacks used when making DC voltage measurements. 




(c. e) 
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3^. Check the controls, jacks and scales that are used t'or 
measuring DC voltage, between 0~1000V. 




p.l. 
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ANSWERS - TEST FRAME 3'* 
b, e, f, g, h, 1 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST 
FRAME k3. OTHERWISE, GO BACK TO FRAME 32 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME S'* AGAIN. 



35. Using practice board 0-1 and components available In the 
resource center, construct a series circuit as shown below. 



Tl 



T8 



J2 



— 1.5v 

— 1.5v 



T7 



-AAA/ — 

Ri ion 



t6 



R2 

0-^0 n 
— 



T5 



NOTE: Before you wire the rheostat (R2) into the circuit, set 
It at 0 ohms. To do this, set up the multimeter as an ohmmeter, 
zero it, connect a test lead to each wire of the rheostat and turn 
the knob until the meter registers 0. Connect R2 Into the 
circuit. If a review of the ohmmeter function of the multimeter 
Is needed, refer to Module Three - Lesson IV. 
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36. Listed below are the proper steps for setting up the multi- 
meter for measuring DC voltage. 

1. Set the function switch at +D£. 

2. Plug the black test lead into the common (-) 
jack and the red test lead Into the (+) jack. 

3. Set the range switch at the 1000/5000 v position. 
( Always start with the highest voltage range settings 
and then reduce as necessary to obtain a reading near 
midscale.) 

Following the steps listed above, set up your multimeter, then 
check your meter set up against this Illustration. 



black 




(Go to next frameTT 
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37. Energize the series circuit you have constructed, and observing 
correct polarity (red test lead to positive side of the source 
and black test lead to negative side), place the meter leads 



across Tl and T8. 



Tl 



T2 



— VNAr— 

Rl ion 



T3_ 



•l.t^v 
l.^v 

.1.5v 



T8 



T7 



t6 



R2 



If the meter pointer deflects to left of 
opposite to that which was anticipated, 
switch In the -DC position. This will 
appl ied to the meter. 



"0", the polarity is 
Place the function 
correct the polarity as 



(Go to next frameT 



38. Decrease the range switch setting until you get a reading near 
mldscale. Be careful not to turn to a range setting lower than 
the voltage present. At what range-switch position do you get 
the best mldscale reading? 



(10 V position) 



39. Read the voltage on the black DC 0-10 scale. What is the 

value of the applied voltage (E^) in the circuit? 

vol ts. 



(Eg = 6 V approximate) 



^»0. Place the test probes across T5. and T6.. What Is the voltage 
drop across (variable resistor)? 



(Ep, » 0 volts) Because the resistor Is set at there will be 
no voltage dropped across It. The resistor Is acting like a piece 
of wire In the circuit and has no difference in potential. 



o 
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^1. Next place your probes across Rl_ (between T2 and T}) , What is 
the voltage drop across Rl? v. 



(Ef^i = 6 V approximate) Recall that the sum of the voltage drops 
must equal the applied voltage (E ) ; and In a series circuit, the 
greatest voltage drop takes place across the greatest resistance. 
In this case, E^^ (6 v) + (O v) = E (6 v). 



^2. For your next measurement, connect the probe clips across Rl 
and Increase the resistance of R2_ by turning the knob. Observe 
the meter. The voltage drop across R]_ should decrease as the 
resistance of R2^ Increases. Remember , the sum of the voltage 
drops must equal the applied voltage. If the voltage drop 
across Rl_ Is decreasing, then the voltage drop across R2 must 
be Increasing. Connect your test clips across R2 and see If 
this is true. Add the two voltage drops, they should equal 
E . (Remove test leads and de-energIze the circuit.) 



IGo to next frame TJ 



^3. The diagram below Illustrates a circuit with a variable re- 
sistor, a fixed resistor, and a source connected In series. 
The variable resistor Is shown at three different settings. 




Check the statements that are true. 



a. The largest voltage drop will take place across the 
least resistance. 

b. The voltage drop across the variable resistor Is always 
greatest. 

c. The voltage drop across the variable resistor will become 
greater or smaller as the resistance goes up or down. 

d. The voltage dropped across a fixed resistor always 
remains the same. 

e. The sum of voltage drops always equals the applied voltage. 



ERIC 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME A3 

c. The voltage drop across the variable resistor will 
become greater or smaller as the resistance goes up 
or down. 

e. The sum of voltage drops always equals the applied 
voltage. 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO TEST 
FRAME kk. OTHERWISE GO BACK TO FRAME 35 AND TAKE THE PROGRAMMED 
SEQUENCE BEFORE TAKING TEST FRAME AGAIN. 



hk. Using Practice Board 0-1 and components available in the resource 
center, construct a series circuit as shown below. 



Tl T2 



Rl lOfi 



T3 



R2 20^2 



TU 



R3 U.7fi 



T8 T7 t6 

Energize the circuit then measure and record DC voltage at 
the points Indicated below. 



a. Test points T2^ to T3. 

b. Test points T3 to T?. 

c. Test points T5 to tT. 

d. Test points TJ to TF. 

e. Test points Tl_ to jF. 



vol ts . 
volts, 
vol ts . 
volts, 
volts. 



De-energlze circuit and measure and record voltage at: 



f . Test points T7. to T8. 



volts. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 

a. 1.3 volts 

b. 2.6 volts 

c. 0.6 volts (All answers are approximate) 

d. 0 volts 

e. volts 

f. k.5 volts 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
TEST FRAME 52. OTHERWISE, SEE YOUR INSTRUCTOR BEFORE CONTINUING 
WITH THE PROGRAMMED SEQUENCE. 



^5. Modify the series circuit you have just constructed as Indicated 

by the schematic. Tl T2 T'^ T)i 

' »-AAA ^ . m -* VSAAA ^ 



I 



Rl 20n R2 22 n 



l.5v 

1.5v 



T 



R3 U.7n 



T8 T7 T6 T5 

Energize the circuit. Read and record voltages at the points 
Ind Icated. 

a. Voltage Tl_ to t8. volts 

b. Voltage T2 to T3. volts 

c. Voltage T3 to Tt. . volts 

d. Voltage T5 to TF. volts 



(Approximately: T. 6 volts; b. 2.6 volts; c. 2.8 volts; 
d. 0.6 volts) 
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kd. Modify you.' circuit as Indicated by the schematic. 



Tl 

r 



T2 



T3 
— «- 



tU 



1.5v 



L 



T8 



T7 



R2 10 fi 

■A✓^A■ 



t6 



Rl 0-50" 



T5 



With variable resistor RJ[ adjusted to 30 ohms (use ohmmeter 
to adjust for 30 ohms) measure and record: 

Circuit Energized: 

a. applied voltage 

b. E, 



c. 



•Rl 
•R2 



With variable resistor set at kO ohms (use ohmmeter to adjust 
for AO ohms) measure and record: 

Circuit Energized: 

d. source voltage 

e. E. 



f . E 



•Rl 
R2 



(Approximately: a! 6 volts; b. ^4.5 volts; c. T.S volts; 
d. 6 volts; e. 4.8 volts; f. 1.2 volts) 



ERIC 



l?S 



P.I. Four-Ill 
^7. Again, modify circuit as indlcadfe'd by the schematic. 



Tl 



T2 
— 



1.5v 



T3 

-WW— 

Rl 22n 




R3 10 Q 



T8 



T7 



T6 



R2 50 Q 



Energize Circuit: 
Measure and record the voltage drops between the following points: 



a. TJ^ to T2^. 

b. 12 to T3* 

c. T5 to T7. 



vol ts 
vol ts 
vol ts 



(Approximately: a. 0 volts; b, K6 volts; c> k.h volts) 

kQ* Listed below are the steps for measuring 30*-1000 volts DC. We 
will not actually measure voltages above 30 volts while in the 
school because of safety considerations. However, It Is important 
that you understand how to set up the meter to do so. The most 
important thing to remember Is that IF THE VOLTAGE TO BE MEASURED 
IS OVER 30 VOLTS, NEITHER THE TEST LEADS NOR THE METER SHOULD BE 
TOUCHED WHEN THEY ARE CONNECTED TO AN CIRCUIT. 



1. Set the function switch at +D£. 

2. Plug black test lead Into common (*-) jack and the red 
test lead into the (h-) jack. 

3. Set the range switch In any of the five voltage-range positions. 
When In doubt about the voltage, always use the highest voltage 
range. Observe the meter reading. If the voltage is within a 
lower range the switch may be set for the lower range to obtain 
a more accurate reading. (NOTE: De-energize circuit before 
turning range switch.) 

Connect the black test lead to the negative and the red test 
lead to the positive side of the clr^iult to be measured. 

5. Turn on the power In the circuit to be tested. If the pointer 
deflects to the left of 0, the actual polarity Is opposite the 
anticipated polarity. Turn off the power tn the circuit. Set 
the function switch to "DC and turn the power on. This will 
correct the polarity as applied to the meter. 

6. Read the voltage on the black arc marked DC. 

7. Turn off the power in the circuit before dTsconnect Ing leads. 



(energized) 
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kS. The Simpson 260-5P multimeter is also capable of measuring 
AC voltages. For AC voltages, the function switch must be 
placed in the AC position. 

What function switch setting is used when measuring alternating 
current voltage? 



a . 



b. 



c. 




Tb7 
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50. When measuring AC voltage, the polarity of the meter does not 
have to be observed, for the applied voltage changes polarity 
periodically. Which drawing shows the multimeter correctly 
connected for measuring AC voltage? 

r ■ »■ I 




(A and B) 
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51. For reading AC voltages above 2.5v, the red arc marked AC and the 
three rows of numbers directly above the red arc are used. Which 
diagram correctly Identifies the AC scales used for measuring 
AC voltage? 









^7 






*! ^ 
















52. Check the statements that are true. 

a. Polarity does not have to be observed when measuring 

AC voltage. 

b. The function switch Is not used to measure AC voltages. 

c. The black DC arc Is used for measuring AC voltages. 

d. The figures below the red AC arc are used for measuring 

DC voltages. 

e. The figures below the red AC arc are used for measuring 

AC voltages. 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT. 
ANSWERS GIVEN AT THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 52 

a. Polarity does not have to be observed when measuring 
AC voltage. 

e. The figures below the red AC arc are used for measuring 
AC voltages. 



IF ALL YOUR ANSWERS MATCH THE CORRECT ANSWERS, YOU MAY GO ON TO 
TEST FRAME 56. OTHERWISE, GO BACK TO FRAME ^5 AND TAKE THE PRO 
GRAMMED SEQUENCE BEFORE TAKING TEST FRAME 52 AGAIN. 
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53. The meter Is Interpreted the same way for AC as for DC except 
that the red AC scales are used. 



Range switch on 2.5 v 
on 1000 V 
on 10 V 
on 50 V 
on 250 V 



read the value directly on the 
red scale marked 2.5 vac only 
multiply Indicated voltage on 
the 0-10 AC scale by 100 
read voltage on 0-10 AC scale 
directly 

read voltage on 0-50 AC scale 
d I recti y 

read voltage on 0-250 AC scale 
dl rectly 



Interpret the meter AC scale below by matching the Indicated 
voltage to the range position. 

19 10 




iiio Dl rowii iivii 

on «Att 4M OHMI 



OVCIILOA > 
VOLT'OHW 



PROTECTED 
MLUAMMETER 

S NIn/V A.C 



nV RAMI I AOP II gj 
HV lANCt' ADO M Dl 
MIV lANGIi APO 41 M 



Range Switch Position 



1. 
2. 

3. 
4. 

5. 



10 V 
50 V 
2.5 V 
250 V 
1000 V 



Voltage AC 

a. 500 volts AC 

b. 125 volts AC 

c. 25 volts AC 

d. 1 .3 volts AC 

e. 5 volts AC 



IT 



e; 2. 



c; 3. d; k. b; 5. a) 



5^. Before proceeding with an actual AC voltage measurement, read 
the following safety precautions and keep them firmly In mind, 

1. DO NOT TOUCH THE METER OR TEST LEADS (EXPOSED METAL) WHILE 
POWER IS ON IN THE CIRCUIT BEING MEASURED. 

2. BE SURE IS OFF WHEN CONNECTING AND DISCONNECTING 

TEST LEAdT 



(POWER) 
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55. The voltage you w?ll be measuring Is at one point in your 

power supply. Measure only as instructed; otherwise you will 
be disregarding safety precautions and might encounter high 
vol tages« 




1. Be sure the switch In your power supply Is open, 

2. Set up the meter to read 0^1000 volts AC. 
a. Set function switch to AC^. 

b« We will be reading a voltage between 20 v and 30 v, 

so place the range switch In the 50 v position* 
c. Plug the black test lead Into the common (-) Jack 
and the red test lead Into the (+) jack. 
3* Since we are mef.suring AC voltage, polarity does not have 
to be observed* Connect leads across and T8^ (nowhere 
el se) . 

4. Plug power supply into wall outlet and energize by closing 
the switch. 

$• Record meter reading: vol ts AC. 

^ De-energize circuit and remove test leads. 



(step 5> voltage reading s^">uld be approximately IcTVAtT 
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56. Interpret the meter reading and record the Indicated AC 
voltage for each range switch position. 




1. 10 V 

2. 50 V 



3. 2.5 V 
k, 250 V 



5. 1000 V 



volts AC 
volts AC 
volts AC 
volts AC 
volts AC 



(THIS IS A TEST FRAME. COMPARE YOUR ANSWERS WITH THE CORRECT 
ANSWERS GIVEN ON THE TOP OF THE NEXT PAGE.) 
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ANSWERS - TEST FRAME 56 

1. 7.2 VAC 

2. 36 VAC 

3. 1.8 VAC 

4. 180 VAC 

5. 720 VAC 



IF YOUR ANSWERS ARE INCORRECT . GO BACK TO FRAME 53 AND TAKE THE 
PROGRAMMED SEQUENCE. 

IF YOUR ANSWERS ARE CORRECT, YOU MAY TAKE THE PROGRESS CHECK, OR 
YOU MAY STUDY ANY OF THE OTHER RESOURCES LISTED. IF YOU TAKE THE 
PROGRESS CHECK AND ANSWER ALL THE QUESTIONS CORRECTLY, YOU HAVE 
MASTERED THE MATERIAL AND ARE READY TO TAKE THE MODULE TEST. SEE 
YOUR INSTRUCTOR. 

IF YOU DFCIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR IF 
YOU MISSED ONE OR MORE QUESTIONS,. STUDY ANY METHOD OF INSTRUCTION 
YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS CHECK QUESTIONS 
CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK TO TAKE THE MODULE 
TEST. 



I 
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SUMMARY 
LESSON 1 1 1 

Using the Multimeter as a Voltmeter 

You have learned to use the multimeter as an ohmmeter and as an 
ammeter; now let's discuss Its use as a voltmeter. 

Basically, all meters utilize current flow In making a measurement, 
for work Is done In a circuit only when current flows. In other words, 
It Is the current flow through the meter which causes the pointer 
to move. A voltmeter scale is calibrated so that it indicates the 
amount of voltage which causes current to flow through a mul tipl ier 
res istor . The Internal multiplier resistor determines the maximum 
voltage the meter can read and limits the meter current to a safe 
value. The range switch selects different meter ranges by selecting 
different multiplier resistors. 

On the Simpson 260-5P, all DC voltages are read on the second scale 
from the top. Which of the three rows of numbers you read will de- 
pend on the range-switch setting. Some scales will require you to 
move the decimal point mentally to get the correct value. 

The DC voltage ranges are 0 to 2.5 v, 0 to 10 v, 0 to 50 v, 0 to 250 v, 
and 0 to 1000 v. There is also a 0 to 5000 v scale which uses the 0 
to 1000 V range switch setting with a special jack for the positive 
lead. The meter has corresponding AC voltage ranges which use the 
same numbers but are read on the red scale below the numbers. A 
separate 5000 v AC jack for the positive lead and a special scale for 
reading the 2.5 v AC range are the only differences from the DC 
functions. 

To read voltages, you will use a method similar to the one used with 
the simple voltmeter. Make sure that the function switch (AC, -DC, 
+DC) is in the proper position and that the range switch Is set at a 
larger value than the voltage you expect to measure before you touch 
your probes to the circuit. If you are not certain of the voltage, start 
with the highest scale (lOOOV) and reduce the range setting to get an 
easily read meter deflection. Do not reduce the range setting to a 
position that Is below the voltage being measured. 

The voltages you will be measuring here are all less than 30 volts, 
but later (in other schools or In the fleet) you will measure 
voltage In excess of 30 volts. 

HIGH VOLTAGE MEASUREMENTS REQUIRE SPECIAL CARE TO PROTECT YOU FROM 
INJURY OR DEATH. 

The special rule for measuring voltages In excess of 30 volts Is: 

Always de-energIze the circuit before touching the meter , meter 
leads , or any part of the circuit . 
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The procedures to follow for making these readings are: 

1 . Turn off the cl rcul t. 

2. Connect the meter clip leads to the points where voltacje 
Is to be measured. 

3* Set the meter function and scale as required. Check 

that connections are correct. 
A. Keeping well away from the meter, leads, and circuit, 

energize the circuit and make the reading. If It Is 

necessary to change any meter settings, turn off the cl r 

cult before you touch the meter . 
5. Turn off the circuit and disconnect the meter. 

If you are sure you understand how to use the multimeter safely 
as a voltmeter and you Intend to take the progress check Immed- 
iately following this summary, perform the experiments contained 
In the Narrative (pages IQ-I^»). Keep both your safety, and the 
meter's safety In mind. 

If you do not understand, first study either the narrative or 
the programmed Instruction, or see your Instructor. 



AT THIS POINT, YOU MAY TAKE THE LESSON PROGRESS CHECK, OR YOU 
MAY STUDY THE LESSON NARRATIVE OR THE PROGRAMMED INSTRUCTION OR 
BOTH. IF YOU TAKE THE PROGRESS CHECK AND ANSWER ALL OF THE QUES- 
TIONS CORRECTLY, YOU HAVE MASTERED THE MATERIAL AND ARE READY TO 
TAKE THE MODULE TEST. SEE YOUR INSTRUCTOR. 

IF YOU DECIDE NOT TO TAKE THE PROGRESS CHECK AT THIS TIME, OR 
IF YOU MISSED ONE OR MORE QUESTIONS, STUDY ANY METHOD OF IN- 
STRUCTION YOU WISH UNTIL YOU HAVE ANSWERED ALL THE PROGRESS 
CHECK QUESTIONS CORRECTLY. THEN SEE YOUR INSTRUCTOR AND ASK 
TO TAKE THE MODULE TEST. 
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